Four DNA fragments (fragments A, B, C and D) covering the whole genome of chicken anemia virus (CAV) were amplified enzymatically by polymerase chain reaction (PCR) using four pairs of oligonucleotide primers. The DNA fragments were amplified from each of nine CAV isolates including eight Malaysian isolates and one European isolate (Cux-1). For all nine CAV isolates, fragment A (1518 bp) was digested with one restriction enzyme, Eco130I (StyI); fragment B (926 bp) with three enzymes, Eco130I (StyI), HpaII and MboI separately; fragment C (675 bp) with also three enzymes, BsuRI (HaeIII), HinfI, and HpaII separately; and the fragment D (552 bp) with one enzyme, EcoRI. Enzyme digested products of different fragments were separated by agarose gel or polyacrylamide gel electrophoresis. Each of the eightenzymatic reactions differentiated at least two isolates except the HpaII digestion of fragment C where no isolate was distinguished. The overall restriction endonuclease (RE) analysis separated four isolates (BL-1, BL-2, BL-4 and BL-5) in one group and the rest five isolates (SMSC-1, SMSC-2, 3-1, BL-3 and Cux-1) were differentiated from each other and also from the group of four isolates, based on the number of restriction site differences and the fragments generated by different enzymatic digestions. The study revealed that RE analysis could be used to identify and differentiate CAV isolates based on the number of restriction site differences. The study showed that more isolates, even the isolates from the same poultry farm, could be differentiated with proper genomic diversity after RE analysis of more genome fragments compared to that of single genome fragment.
INTRODUCTION
Chicken anaemia virus (CAV) is an economically important avian pathogen with a worldwide distribution (AboElkhair et al., 2014; De Herdt et al., 2001; Farkas et al., 1998 , Ganar et al., 2017 Ledesma et al., 2001; McNulty 1991; Olszewska-Tomczyk et al., 2016; Rehman et al., 2011; Stanislawek and Howell, 1994; Zhou et al., 1996) . The virus causes aplastic anaemia and generalised lymphoid atrophy with a concomitant immune suppression characterised by secondary bacterial, viral infections or vaccination failures (Adair, 2000; Bülow et al., 1983; Engstrom and Luthman 1984; Rosenberger and Cloud 1989; Schat, 2003) . The mortality is usually between 5% and 10%, but up to 60% has been recorded (Coombes and Crawford 1996; McNulty 1991) . The virus is small, non-enveloped, spherical, 23 to 26 nm in diameter, containing a circular single-stranded DNA genome of 2.3 kb (Coombes and Crawford 1996; Li and Cui, 2007; McNulty 1991; Noteborn et al., 1991; Pope 1991; Zhang et al., 2012) .
CAV is a member of genus Gyrovirus in the family Anelloviridae (Breitbart, 2015) . The CAV isolates originating from different parts of the world belong to the same serotype and produce the same pathogenic effects in experimentally inoculated chicks (McNulty 1991) . Later a study proposed a possible second serotype (Spackman, et al., 2002a,b) . However, studies have been carried out to characterize the virus based on its DNA sequence (Noteborn et al., 1992; Todd et al., 1992; Tham and Stanislawek, 1992) . Both Southern analysis and restriction mapping showed only minor differences on the CAV genomes of the field isolates from United States (Noteborn et al., 1992) . However, Todd et al. (1992) differentiated CAV isolates by restriction endonuclease (RE) analysis of PCR-amplified DNA. They used three enzymes (HaeIII, HinfI, and HpaII) for digestion of only one 675 bp PCR-amplified fragment from different CAV genomes. Genetic variations of different CAV isolates were also detected by other workers using RE analysis of PCR-amplified CAV genome fragments (Oluwayelu et al., 2005; Nayabian and Mardani, 2013; van Santen et al., 2001) . Both type specific and common DNA sequences can be detected among various CAV isolates. However, analysis of more genome fragments with different restriction enzymes can differentiate different CAV isolates more appropriately than that of single genome fragment and this information could be important in epidemiological point of view. In this paper, we investigated for the first time the molecular differences of the genomes of different CAV isolates by restriction endonuclease analysis of PCR-amplified DNA fragments covering the whole CAV genome.
MATERIALS AND METHODS

Viruses
Five CAV isolates, BL-1, BL-2, BL-3, BL-4, and BL-5, isolated recently at University Putra Malaysia (UPM); three CAV isolates, SMSC-1, SMSC-2 and 3-1, isolated at Veterinary Research Institute (VRI), Malaysia, and an European CAV isolate Cux-1, kindly provided by Dr. K.A. Schat, College of Veterinary Medicine, Cornell University, Ithaca, NY, USA, were used for the study.
Cells and cell culture MDCC-MSB1 cells, a cell line derived from a Marek's disease lymphoma, were kindly provided by the Director, VRI, Ipoh, Perak, Malaysia. The cell culture was maintained following the methods described by Chowdhury et al. (2002) . For each isolate, two ml of the stock virus were inoculated into 2 x 10 6 cells in a 75-cm2 flask containing 18 ml RPMI 1640 media. One flask was also maintained as an uninoculated control. The infected and control cells were harvested 48-72 hours after infection.
DNA extraction
DNA was extracted from uninfected and CAV infected MDCC-MSB1cells harvested at 48-72 hours post infection following the procedures described by Chowdhury et al. (2002) with minor modification and stored at -20 0 C until use.
Amplification of DNA fragments by polymerase chain reaction (PCR)
The following DNA fragments were amplified by PCR from the whole genome of CAV for analysis by restriction endonulease enzymes ( Figure 1a ). The nucleotide (nt) positions used here are based on Cux-1 sequence (Noteborn et al., 1991) .
(i) Fragment A: 1518 bp fragment (nt 2317-1515). Two oligonucleotide primers flanking fragment A were as follows. Forward primer (CAV5): 5  -ATC GAA TTC CGA GTG GTT ACT ATT CC -3  (nt 2317-23) and the reverse primer (CAV6): 5  -GAA GGA TCC CTC ATT CTT AGT GGC -3  (nt 1515-1492) (Soiné et al., 1993) .
(ii) Fragment B: 926 bp fragment (nt 1463-69). The primers flanking fragment B were as follows. Forward primer (CAV 9): 5  -GAC ACA TTG AAA CCC GCT TT -3  (nt 1463-1482) and the reverse primer (CAV 10): 5  -GCG ATT CGT CCA TCT TGA CT -3  (nt 69-50) (Todd et al., 1996) .
(iii) Fragment C:675 bp fragment (nt 844-1519). The primers flanking fragment C were as follows. Forward primer (CAV 13): 5  -GAC TGT AAG ATG GCA AGA CGA GCT C -3  (nt 844-868) and the reverse primer (CAV 14): 5  -GGC TGA AGG ATC CCT CAT TC -3  (nt 1519-1500) (Todd et al., 1992) .
(iv) Fragment D: 552 bp fragment (nt 2074-306). The primers designed based on Cux-1 sequence (Noteborn et al., 1991) , were used for amplifying fragment D. The PCR products were run on 1 to 1.5% agarose gel electrophoresis. After staining with ethidium bromide, the specific bands were excised and purified by Geneclean kit (BIO 101, Inc., USA) following the supplied instructions.
Analysis of amplified DNA fragments by restriction endonuclease enzymes
For all nine isolates of CAV, the fragment A (1518 bp) was digested with one restriction enzyme, Eco130I (StyI); the fragment B (926 bp) with three enzymes, Eco130I (StyI), HpaII and MboI separately; the fragment C (675 bp) with three enzymes BsuRI (HaeIII), HinfI, and HpaII; and the fragment D (552 bp) with one enzyme, EcoRI. All enzymatic digestions were performed separately in a 20 l reaction mixture containing buffer (1x) for individual enzyme as recommended by the manufacturer (MBI Fermentas, Lithuania), enzyme (15-25 units), distilled water (if any) and the purified DNA fragment. The reaction mixture was incubated at 37 0 C for 10-14 hours.
Agarose gel electrophoresis
After incubation, the resulting digested products, in case of fragment A/StyI were run in 2% agarose gel electrophoresis and in case of fragment D/EcoRI were run in 2.5% agarose gel electrophoresis, and the gels were stained in ethidium bromide (1 g ml -1 ). For fragment A/StyI, 1 kb DNA ladder (MBI Fermentas, Lithuania) and for fragment D/EcoRI, 50 bp DNA ladder, ready to use (MBI Fermentas, Lithuania) was used as molecular size markers. The separated DNA fragments in the gel were visualised by using a UV transilluminator and photographs were taken.
Sodium dodecyl sulphate polyacrylamide gel electrophesis (SDS-PAGE)
The fragment B digested products with each of StyI, HpaII and MboI, and fragment C digested products with each of HaeIII, HinfI, and HpaII were separated by SDS-PAGE. For the experiment, 12% separating or resolving gel and 4% stacking gel were prepared and electrophoresis was conducted at 44-48 V in a Mini-Protein  II Electrophoresis Cell (BIO-RAD, USA) following the instructions of the manufacturer. The run was maintained up to 1.5 cm from the bottom level, which took about 4 hours. Fragments generated by digesting the X174 DNA (replicative form) with HaeIII were used as size markers. After electrophoresis, the gel was stained with ethidium bromide (1g ml -1
). The separated DNA bands in the gel were visualised by the UV transilluminator and photographs were taken.
RESULTS
PCR amplification of different fragments
Analysis by agarose gel electrophoresis indicated single DNA fragment in all sets of PCR reactions. The PCR with primers flanking fragments A, B, C and D, generated expected DNA fragments of around 1500 bp, 900 bp, 700 bp and 550 bp, respectively, for all nine isolates.
Restriction endonuclease analysis
A total of six restriction enzymes (EcoRI, HaeIII, HinfI, HpaII, MboI, and StyI) were used for analysis of different amplified fragment DNAs covering the whole CAV genome. The restriction sites found for all enzymes with regard to different PCR amplified fragments of different isolates are shown in table 1.
Fragment A (1518 bp)
Fragment A was treated with the restriction endonuclease, StyI. The restriction map with StyI for fragment A is shown in figure 1b . StyI cleaved the 1518 bp fragment A from Cux-1 DNA at only one site, producing two fragments, A1 (1071 bp) and A2 (447 bp) ( Figure 1b) . The CAV isolates, SMSC-2, 3-1, BL-1, BL-2, BL4 and BL-5 produce the same profiles as Cux-1. However, the fragment A from isolates SMSC-1 and BL-3 remained undigested indicating absence of StyI site. The StyI digested products of fragment A, separated by 2% agarose gel, for all the nine isolates are shown in figure 2. fragments was different from that of other isolates. The site 2 was absent in SMSC-1 and BL-3 which leads to the creation of the fragment of 290 bp (calculated based on figure 1b, HpaII/B) and absence of the fragments, B2 (240 bp) and B5 (50 bp). There was one additional site in fragment B3 (185 bp) of the SMSC-1 and BL-3 isolates, that led to the formation of two additional fragments below the fragment B4 (133 bp). The DNA fragments generated by HpaII digestion of fragment B were effectively separated by SDS-PAGE with 12% acrylamide (Figure 3 , HpaII/B).
The enzyme MboI cleaved fragment B from Cux-1 DNA at three sites producing four different fragments, B1 (687 bp), B2 (116 bp), B3 (77 bp) and B4 (46 bp) ( Figure  1b) . The same pattern of fragments was also produced by digestion with MboI of the fragment B DNAs from SMSC-1, BL-1, BL-2, BL-3, BL-4 and BL-5 isolates. The difference was found in SMSC-2 and 3-1 isolates, both of which produced three fragments instead of four. In case of SMSC-2, the MboI site 3 was absent in fragment B that resulted in the absence of the fragments, B1 (687 bp) and B2 (116 bp). Instead, there was creation of an 803 bp fragment (calculated on the basis of figure 1b, MboI/B). The other two fragments, B3 (77 bp) and B4 (46 bp), had the same pattern with Cux-1 and other isolates except 3-1 where only fragment B4 had the similarity. While in fragment B of 3-1, the MboI site 2 was absent that resulted in the generation of a 193 bp fragment (calculated on the basis of figure 1b, MboI/B) and absence of the fragments B2 (116 bp) and B3 (77 bp). The fragment B4 (46 bp) had similar pattern with all other isolates, and the fragment B1 (687 bp) had also same pattern with other isolates except SMSC-2. The generated DNA fragments in case of all isolates were separated effectively by SDS-PAGE with 12% acrylamide. Figure 3 (MboI/B) displays the MboI digested products of fragment B for all isolates.
Fragment C (675 bp)
Fragment C was treated with three restriction endonucleases, HaeIII, HinfI and HpaII. The restriction map with HaeIII for fragment C is shown in figure 1b . HaeIII cleaved the 675 bp fragment C from Cux-1 DNA at five sites producing six different fragments. Other isolates, except SMSC-1 and 3-1, showed similar restriction profiles as Cux-1 after digestion of their fragment C DNAs with HaeIII. The enzyme digested fragment C DNA of SMSC-1 isolate producing only three fragments instead of six. The HaeIII sites 1, 3 and 5 were absent in fragment C of SMSC-1. The absence of site 1 led to the absence of fragments C3 (113 bp) and C6 (37 bp) and the formation of a 150 bp fragment (calculated based on figure 1b, HaeIII/C). The absence of site 3 reflected with the creation of a 296 bp fragment and absence of the fragments C1 (238 bp) and C5 (58 bp) (calculated based on figure 1b, HaeIII/C). While the absence of site 5 resulted in the deletion of fragments, C2 (163 bp) and C4 (67 bp) and the formation of a fragment of 230 bp (calculated based on figure 1b, HaeIII/C). In case of 3-1, after HaeIII digestion of fragment C DNA, seven fragments were produced instead of six, out of which five fragments were seen in the gel. Here, all five HaeIII sites like Cux-1 and other six isolates were present, but there was an additional
HaeIII site (site 6) in fragment C4 (67 bp) which was cleaved to produce a fragment that was merged with fragment C5 (58 bp) and a small fragment that was undetectable in the gel. Electrophoresis in gels containing 12% acrylamide provided effective separation of DNA fragments generated by HaeIII digestion of fragment C (Figure 4 , HaeIII/C). HinfI cleaved fragment C from Cux-1 DNA at three sites producing four different fragments, C1 (251 bp), C2 (227 bp), C3 (138 bp) and C4 (60 bp) (Figure 1b) . Similar profiles as Cux-1 was also showed by digestion with HinfI of the fragment C from 3-1 isolate. Whereas, other seven isolates exhibited a different profile producing five fragments, out of which three fragments were visible. There was one additional site in fragment C1 (251 bp) producing two fragments, of which the big one had almost the same mobility with fragment C2 (227 bp) showing a prominent band, the other one was so small that could not be visible in the acrylamide gel. The pattern for C3 and C4 fragments is similar to that in Cux-1 and 3-1 isolates. The HinfI digested products of fragment C were separated by SDS-PAGE with 12% acrylamide ( Figure  4 , HinfI/C).
HpaII also cleaved fragment C from Cux-1 DNA at three sites producing four different fragments of 228 bp, 170 bp, 148 bp and 130 bp (Figure 1b) . The fragment C from all other isolates after digestion with HpaII also showed the same restriction profiles as Cux-1. SDS-PAGE with 12% acrylamide provided effective separation of the HpaII digested products of fragment C (Figure 4 , HpaII/C). 
DISCUSSION
This is the first time that the whole CAV genomes of different CAV isolates were characterized by restriction endonuclease (RE) analysis. In this study, the PCR technology was first used to amplify different DNA fragments encompassing the whole CAV DNA. Then the enzymatic technology was applied with different restriction endonucleases to find out the molecular differences among the Malaysian local field isolates as well as a standard reference isolate (Cux-1) of CAV. Todd et al. (1992) differentiated 14 CAV isolates by RE analysis of PCR-amplified 675-bp fragment that encompasses the first half of the largest open reading frame (VP1). The present study, first time differentiated the Malaysian field CAV isolates as well as the European isolate, Cux-1, by RE analysis of four PCR-amplified DNA fragments encompassing the whole CAV genome. The primers selected for amplifying different fragments were based on Cux-1 sequence (Noteborn et al., 1991) . These primers were specifically hybridized with the DNAs specified by Malaysian CAV isolates and effectively amplified the different DNA fragments from the CAV genomes with similar pattern as Cux-1 isolate. These procedures further confirm the Malaysian isolates as CAV, though these isolates have been confirmed earlier by other tests including PCR (Chowdhury et al., 2002) .
The StyI digestion of fragment A and HpaII digestion of fragment B, each of which differentiated two isolates (SMSC-1 and BL-3) from other seven CAV isolates. The StyI digestion of fragment B separated five isolates (SMSC-2, BL-1, BL-2, BL-4 and BL-5) from other four isolates. The enzyme MboI differentiated SMSC-2 and 3-1 isolates from other seven isolates after digestion of fragment B. These two isolates also do not exhibit the same profiles, whereas the other seven isolates have the same MboI profiles. HaeIII digestion of fragment C distinguished two isolates (SMSC-1 and 3-1) from the other seven isolates, though these two isolates also do not have the same restriction profiles. In case of HinfI digestion of fragment C and EcoRI digestion of fragment D, two isolates (3-1 and Cux-1) were differentiated in each case from the other seven isolates. The enzyme HpaII could not distinguish any of the nine isolates after digestion of fragment C.
The results of restriction endonuclease analysis of different genome fragments revealed similar restriction profiles for four isolates (BL-1, BL-2, BL-4 and BL-5) in all enzymatic digestions ( Table 1 ), indicating that these four isolates belong to one group and probably possess the same genomic characteristics. These isolates showed similar restriction profiles with Cux-1 isolate when digested by StyI (fragment A), HpaII, MboI and HaeIII, and were differentiated from Cux-1 isolate when the fragment B was digested by StyI.and fragment C was digested by HinfI.
SMSC-1 and BL-3 isolates always exhibited the same restriction profiles with different enzymatic digestions of different fragments, indicating maximum similarity between these two isolates (Table 1) . However, only HaeIII digestion of fragment C differentiated SMSC-1 from BL-3, implying that these two are separate isolates (Table 1) . These two isolates showed the same profiles as Cux-1 when digested with StyI (fragment B), MboI and HpaII (fragment C), but were different from Cux-1 when digested with StyI (fragment A), HpaII (fragment B), HinfI and EcoRI. SMSC-1 isolate also could be differentiated from Cux-1 by HaeIII, while BL-3 isolate in this case, produced the same profile as Cux-1.
The SMSC-2 isolate showed the same restriction profiles as Cux-1 isolate by StyI (Fragment A), HpaI and HaeIII. This isolate was differentiated from Cux-1 by StyI (fragment B), MboI, and HinfI. The 3-1 isolate exhibited the same profiles with Cux-1 in maximum enzymatic digestions, indicating highest similarity between these isolates. However, 3-1 isolate was differentiated from Cux-1 by MboI digestion of fragment B and HaeIII digestion of fragment C (Table 1) .
The results of restriction endonuclease analysis demonstrated that the isolates, SMSC-1, SMSC-2, 3-1, BL-3 and Cux-1 are different from each other and also from the group of the above four isolates (Table 1 ). The present study revealed that the restriction enzyme analysis differentiated CAV isolates, though obtained from the same poultry farm at the same time. The group of four isolates (BL-1, BL-2, BL-4 and BL-5) and the BL-3 isolate were isolated from same broiler farm. However, the restriction profiles differentiated BL-3 from the group of four isolates, when digested by StyI (fragments A and B) and HpaII (fragment B). SMSC-1 and SMSC-2 isolates were also obtained from same broiler farm; these two isolates were found to be different from each other in five of the eight enzymatic digestions ( Table 1 ).
The present findings and the findings of Todd et al. (1992) support the view that CAV isolates can be differentiated with number of restriction site differences occurring between isolates, though these isolates are antigenically and pathologically indistinguishable (McNulty et al., 1990; Connor et al., 1991; Yuasa and Imai, 1986) . However, the findings of Todd et al. (1992) were confined with only 675 bp fragment of the CAV genome that is equivalent to fragment C of the present study. The three enzymes (HaeIII, HinfI and HpaII) used by them were also used in the present study for the fragment (675 bp/fragment C). Todd et al. (1992) made seven groups of CAV isolates based on the restriction site differences after restriction endonuclease analysis (with HaeIII, HinfI and HpaII) of the 675 bp fragment from 14 CAV isolates derived from seven different countries (UK, Ireland, Germany, Sweden, USA, Japan and Australia). When compared with the CAV groupings made by Todd et al. (1992) , the present findings with three enzymatic digestions (with HaeIII, HinfI and HpaII) of the 675 bp fragment (fragment C) provided the following groupings for the isolates of the present study. SMSC-1 fell in group 7 to which placed Australian IMP 704 isolate (Todd et al., 1992) . SMSC-2, BL-1, BL-2, BL-3, BL-4 and BL-5 isolates fell in group 2 which placed Japanese TK 5803, Sweden 1/80 and 1/91 isolates (Todd et al., 1992) . Cux-1 isolate fell in group 1, which substantiated the finding of Todd et al., (1992) , where also placed Japanese Gifu-1 isolate. Only 3-1 isolate of the present study did not fall in any of the group made by Todd et al. (1992) and for this isolate we are creating a new group, i.e. group 8 in addition to the groups made by Todd et al. (1992) . CAVs were also differentiated by RE analysis of single genome fragments by other investigators (Nayabian and Mardani, 2013; Oluwayelu et al., 2005; van Santen et al., 2001) . In the present study, different PCR-amplified genome fragments covering the whole CAV genome, after digestion with different restriction enzymes, differentiated more isolates than the single genome fragment digested by the three enzymes (HaeIII, HinfI and HpaII). Therefore, restriction endonuclease analysis with different fragments of the genome under the present study gave proper genomic diversity than that with the single genome fragment dealt with by Todd et al. (1992) . Different restriction endonucleases recognise only small portion of sequences from the whole genome. Based on this, it is difficult to assess the actual sequence diversity between CAV isolates. Therefore, it is better to perform sequencing to determine the actual sequence diversity. However, detection of sequence for epidemiological purposes only may not be practical for many diagnostic laboratories, since sequence analysis is expensive and needs sophisticated and costly equipments. Instead, restriction endonuclease analysis may be at least an alternative method to detect molecular differences.
CONCLUSION
The study revealed that restriction endonuclease analysis could be used to identify and differentiate CAV isolates based on the number of restriction site differences, though these isolates are antigenically indistinguishable. Restriction endonuclease analysis of different genome fragments could also be used to differentiate isolates obtained from the same poultry farm. The analysis showed that more isolates could be distinguished with proper genomic diversity after restriction endonuclease analysis of more genome fragments compared to that of single genome fragment. The first time present findings may be most useful for epidemiological purposes.
